Circulating levels of renin, angiotensin I, and angiotensin II were increased in six patients with chronic renal failure and hypertension uncontrolled by dialysis and hypotensive drugs. Lower and often normal levels were found in 10 patients whose blood pressure was controlled by dialysis treatment. For a variety of reasons all patients were subjected to bilateral nephrectomy. The logarithm of the decrease in plasma concentrations of renin and angiotensin II was significantly related to the fall of blood pressure after operation. Plasma renin concentration correlated significantly with blood angiotensin I concentration and with plasma angiotensin H in samples taken before and after nephrectomy. Renin, angiotensin I, and angiotensin II were measurable in samples ofblood taken 48 hours or more after the operation.
Introduction
Blood pressure is often increased in patients with chronic renal failure. Two abnormal processes seem to be involvedsodium retention with increased cardiac output, and raised renin with increased peripheral resistance. Although both abnormalities are sometimes present together, sodium retention is the predominant feature in most patients. When this is so blood pressure can usually be controlled if the excess sodium is eliminated by regular dialysis treatment and dietary sodium restriction. In the smaller group with raised renin removal of sodium usually fails to control blood pressure, renin increases further, and bilateral nephrectomy may be necessary to control severe hypertension (Toussaint et al., 1966; Blumberg et al., 1967; Onesti et al., 1968; Brown et al., 1969 Brown et al., , 1971 Gleadle et al., 1969; Safar et al., 1970; Stokes et al., 1970; Wilkinson et al., 1970; Ledingham, 1971; Bianchi et al., 1972; Lazarus et al., 1972; Verniory et al., 1972) .
The object of the study described here was to assess the relation between changes of blood pressure and changes in circulating levels of renin, angiotensin I, and angiotensin II after bilateral nephrectomy in chronic renal failure.
Patients and Methods Altogether, 16 patients were studied. All had end-stage chronic renal failure needing regular dialysis as maintenance treatment. Creatinine clearance was below 5 ml/min in each case. The interval between the onset of regular dialysis and bilateral nephrectomy varied greatly (see table) . Except in cases with polycystic disease, the kidneys removed at operation were shrunken and often showed histological evidence of inflammatory and hypertensive change. The primary diagnoses listed in the (Brown et al., 1969 (Brown et al., , 1971 Plasma renin concentration was measured by the method of Brown et al. (1964) , plasma angiotensin II by the method of Dusterdieck and McElwee (1971) , and blood angiotensin I by the method of Waite (1972a Waite ( , 1972b 
Results
Circulating levels of renin, angiotensin I, and angiotensin II correlated closely in the patients in this study. The highest values encountered before operation were in patients with severe hypertension uncontrolled by renal dialysis and hypotensive drugs ( Fig. 1 and 2 ). The greatest decrease of blood pressure, renin, angiotensin I, and angiotensin II also occurred in these patients after operation (Figs. 3 and 4) . Renin and angiotensin levels were normal or less markedly raised before operation in patients whose diastolic blood pressure was either normal throughout (group 3) or reduced by treatment to less than 110 mm Hg (group 2). As would be expected from this, changes of blood pressure, renin, and angiotensin after operation were generally less noticeable in the patients of groups 2 and 3. Including data from all groups there were significant correlations 
Discussion
It is known that bilateral nephrectomy can reduce blood pressure in patients with chronic renal failure and intractable hypertension and that plasma renin concentration and renin activity are increased in such patients before operation (see below). The present study has further shown that the circulating levels of angiotensin I and angiotensin II are also increased in these circumstances, that renin, angiotensin I, and angiotensin II fall in parallel after operation and that the extent of their decrease is related to the reduction of blood pressure. Measurements of renin and angiotensin may have practical value, therefore, in predicting the fall of blood pressure after bilateral nephrectomy in these circumstances.
The mechanism of the increased blood pressure in chronic renal failure is not established. One possibility is an abnormal interrelation of renin and sodium (see below). Excess sodium retention is probably a major factor in those patients whose blood pressure responds to removal of sodium. In unresponsive cases circulating levels of renin and angiotensin may be excessively high in relation to sodium status. This could have an anatomical basis in their renal disease (Brown et al., 1971 (Brown et al., , 1972 . Therapeutic removal of sodium in an attempt to control blood pressure in these patients would result in an intense and inappropriate signal to renin release with rising levels of renin, angiotensin, and blood pressure. The situation would be worsened by further attempts to remove sodium. Bilateral nephrectomy may be successful in these circumstances because it removes the source of excess renin (Brown et al., 1971; Ledingham, 1971) . The present results accord with this concept inasmuch as they suggest that the renin-angiotensin system is responsible for that element of hypertension in chronic renal failure which cannot be controlled by removal of sodium.
Mortality is high in patients with the intractable form of hypertension (Gavras et al. 1972 ) and, as emphasized previously, there may be a good case for undertaking bilateral nephrectomy at an early stage of the disease, particularly in cases suitable for renal transplantation (Wilkinson et al., 1970; Brown et al., 1971; Lazarus et al., 1972; Mahony et al., 1972) .
With the exception of a study by Berman and his colleagues (1972) a renin-like enzyme has been consistently found in plasma after bilateral nephrectomy Toussaint et al., 1966; Blaufox et al., 1966; Capelli et al., 1968; Brown et al., 1969; Vemiory et al., 1972; Yu et al., 1972) . Observations by Capelli et al. suggest that the enzyme is in fact renin. Moreover, as judged by the relation between renin and angiotensin before nephrectomy, the reduced levels of angiotensin found after operation are appropriate to the reduced levels of renin (Figs. 1 and 2 ). Angiotensin is measured by radioimmunoassay and renin by bioassay, and it is unlikely, therefore, that non-specific material measured by one method would be measured also by the other. Circulating pepsin is an unlikely contributor to the pressor effect measured in the renin assay, since the substrate currently used in this laboratory does not react with pepsin to produce pepsitensin.
The persistence of renin in plasma for up to two years after bilateral nephrectomy (Fig. 5 ) strongly suggests an extrarenal source of the enzyme. Several organs yield renin-like material on extraction (Page and McCubbin, 1968; Genest and Koiw, 1972) . The uterus and placenta are two (Stakemann, 1960; Gross et al., 1964) , but they could not be the only source, since many of the patients with measurable levels of renin were male (Fig. 5) .
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